INTRODUCTION
Central Cord Syndrome (CCS) is the most common of the spinal cord injury syndromes. It accounts for 9.2% of all spinal cord injuries and affects mainly the older population with an average age of 53 years. 1 It was initially described by Schneider et al. 2 in 1954 as a tetraparesis that is more severe in the upper extremities (forearms and hands) than in the lower extremities. Bladder dysfunction, usually urinary retention, and variable sensory impairment below the level of injury are also associated. The lower extremities tend to recover motor power first, bladder function returns next and finally strength in the upper extremities reappears, with the finer finger movements coming back last.
Few cases have been presented with gunshot wound (GSW) as a cause of a central cord syndrome, and none, to our knowledge, has been presented without any evidence of central canal bullet/bone fragments. [3] [4] [5] [6] It is our intention to present a case with this cause and review the literature available.
CASE
Our patient is a 27-year-old male who suffered two close-range gunshot wounds (GSW) fired by a handgun, one to the left neck and one to the left shoulder. Computed tomography (CT) of the neck showed C5 spinous process comminuted fracture and posterior paraspinal muscle hemorrhage without evidence of central canal stenosis or bullet/bone fragments ( Figure 1 ). He also had left proximal humeral comminuted diaphyseal fracture. Physical examination showed severe weakness, nonspecific dysesthesias and hyperesthesias in bilateral upper extremities more on left side. There was also mild weakness in bilateral lower extremities, mostly proximally on hip flexors. No side to side differences were noted on pain and temperature sensation. The patient denies any head or facial trauma after falling to the floor, and there was no evidence of head trauma on physical examination. Diagnosis of central cord syndrome was made and a left brachial plexopathy was suspected, as symptoms were more prominent on this side and the patient had a proximal humeral fracture. A detailed motor and sensory score according to International Standard Neurological Classification of Spinal Cord Injury is shown below ( Table 1) . The patient was classified as AIS D C3 level according to the score. Anal sphincter tone was present as well as sensation. At initial evaluation, the patient had an indwelling foley catheter; so bladder evaluation was not possible. A magnetic resonance imaging (MRI) study could not be performed due to the presence of a bullet slug on the left arm. He received conservative management with immobilization, pain medication and inpatient rehabilitation. Although no urologic studies were available, the history data at 2 months show episodes of incontinence and urgency about twice weekly, suggesting the presence of hyperactive bladder. Bowel had a frequency of every other day controlled with oral laxatives. Electrodiagnostic study was conducted at 2 months post injury and showed no evidence of brachial plexopathy. At four months post injury, the patient had good recovery with left proximal arm and bilateral distal hand weakness. His bladder and bowel control had markedly improved, he was no longer using oral laxatives and had fewer incontinence episodes about once or twice a month with continued urgency and frequency. At 1-year follow-up, he was fully independent in ambulation without assistive device and 1 ADLs. No durable medical equipment was required. He continued to have mild right-hand weakness and incoordination, and variable dysesthesias not dermatome-specific below the injury level. He had fine motor skill deficits and continued in occupational therapy. He had normal and controlled bowel function, but hyperactive bladder with fewer frequency and urgency with little to none incontinence episodes.
DISCUSSION
In the literature reviewed, we found four cases of CCS caused by GSW to the spine. [3] [4] [5] [6] In all of the above-mentioned cases, there was radiological or surgical evidence of spinal canal bullet or bone fragments. The patients developed initial diplegia of the upper extremities or tetraplegia, with a predictable ascending recovery, variable sensory symptoms and a relatively good functional prognosis.
GSW to the spine can cause direct or indirect injuries. Direct injuries result from the bullet nucleus, broken metallic or bone particles and disc material. Indirect injuries result from the hydrodynamic strike effect (blast wave or cavitation wave) that cause damage distant to the projectile trajectory. Other factors may influence the severity of the injury. The bullet pathway yaws or tumbles and can cause increased damage. The bullet size and the proximity of the firearm to the target influence the damage. The nearer the firearm is to the target, the more damage it causes also associated to tearing and burning from gunpowder. 7 In our patient, only a fractured C5 spinous process was observed with no evidence of spinal stenosis, instability or intracanal fragments. Although an MRI was not performed, the CT scan showed sufficient evidence to guide management. Further evaluation with electrodiagnostic study ruled out other causes of upper extremity weakness such as radiculopathy or plexopathy.
Patient's management and outcome was in accordance to the reviewed literature. Diagnosis of CCS with a stable, nonprogressive injury was established, and conservative management with aggressive rehab was followed. At 1-year follow-up, the patient showed full independence with minor deficits consistent with the proposed prognosis of most CCS.
PATHOPHYSIOLOGY
Although still controversial, the pathophysiology of CCS was attributed to the geographical arrangement of the lateral corticospinal tracts that extend from the brain. It was theorized that this motor pathway has the cervical laminations arranged more centrally and the sacral laminations arranged more peripherally, and that central cord hemorrhage and necrosis was the cause of the disease. Recent studies with MRI and autopsy evidence have not been consistent with the proposed mechanism of central cord hemorrhage. 2, [8] [9] [10] The classic mechanism of injury described results in a traumatic hyperextension of an already stenotic cervical spine. This hyperextension causes distraction of the anterior elements (anterior longitudinal ligament, intervertebral disk, posterior longitudinal ligament) and compression of the posterior elements (ligamentum flavum) ultimately pinching the spinal cord.
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DIAGNOSIS Clinical CCS is mainly a clinical diagnosis. Clinical criteria for CCS were clearly defined almost 60 years ago by Schneider et al. 2 The patient should present with a spinal cord injury and weakness more prominent in the upper extremities than in the lower extremities. Pouw et al., 11 with 312 cases of traumatic CCS, describe a more objective diagnostic criteria with an average ASIA Motor Score difference of 10 points less in the upper extremities than in the lower extremities.
A novel classification system, the Central Cord Injury Scale (CCIS), has been proposed. Its purpose is to provide diagnostic criteria that can aid in the prediction of a possible functional outcome. It focuses on two predictive factors: ASIA Motor Score and MRI findings, which can help determine the probability that patients have to achieve goals, like walking, without ever using a Central cord syndrome from blast injury J Galloza et al wheelchair, independent bladder function and independent bowel function. 12 Imaging No definitive imaging criteria exist for the diagnosis of CCS. CT and MRI can aid in determining the further management of the patient by identifying important structural and biomechanical factors such as level of injury, instability of the spine and degree of cord compression. Evaluation of these factors can determine the need for urgent surgical decompression or fixation of an unstable spine.
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MRI evaluation of patients with GSW to the spine is controversial. There may be magnetic pulling of the bullet fragments that can migrate and cause further tissue injury. Finitsis et al. 13 reported on 19 cases with GSW to the spine where MRI was done and none of the patients experienced adverse effects or migration of the bullet fragments. Three of these 19 patients underwent surgical intervention as a consequence of the results obtained on the MRIs. Bono & Heary in their systematic review on GSW to the spine report that in their experience, the most common complaint from patients undergoing MRI scans is a complaint of a heat sensation in the area of the bullet (particularly jacketed types), which can lead to discomfort and early abortion of the study. 14 The information obtained from an MRI, especially details about the spinal cord, are difficult to obtain from any other imaging source. Risks and benefits should be weighted before performing an MRI in patients with GSW to the spine.
TREATMENT

Nonsurgical
In the initial description of CCS by Schneider et al., 2 it was emphasized that surgical intervention was not necessary in these patients and that the natural course of the disease shows a good prognosis and if recovery occurs, it should follow a definite pattern. Nonsurgical management consists of immediate immobilization with a hard cervical orthosis after diagnosis of a cervical spinal cord injury. If no spine instability is seen on imaging studies, the orthosis should be used for at least 6 weeks or when neck pain has resolved with associated neurological improvement. Rehabilitation focusing on retraining hand function and ambulation are the main goals. 9 Steroids Although the use of steroids became a standard of therapy after the Second National Acute Spinal Cord Injury Study (NASCIS II) in 1990, 15 it has been greatly debated in the more recent literature. Current neurosurgery guidelines published in 2013 DO NOT recommend the use of methylprednisolone for the treatment of acute spinal cord injury. There is no Class I or Class II medical evidence supporting the clinical benefit of MP in the treatment of acute SCI. However, Class I, II and III evidence exists that high-dose steroids are associated with harmful side effects. 16 Antibiotics Risk of infection after gunshot wound to the spine is higher in the lumbar spine than in the cervical or thoracic area. This is mostly C 2  2  2  2  2  2  2  2  2  C 3  2  2  2  2  2  2  2  2  C 4  2  1  2  1  2  1 associated to perforation of hollow viscus prior to reaching the spine. Tetanus and broad-spectrum antibiotic prophylaxis should be considered initially at least in the first 24 h. Bullet extraction has not proven to decrease the risk of septic complications and may be associated to other complications related to surgery. 7, 14 Surgical management Several algorithms have been proposed to aid in the decision of performing a surgical intervention in patients with GSW to the spine (Figure 2 ). It appears to be a consensus that spinal instability is an absolute indication for surgery, regardless of the severity of injury (complete or incomplete).
The definition of instability in patients with GSW to the spine cannot be extrapolated from the Denis' Three Column theory for blunt trauma. In GSW patients, the column remains a stationary object and the bullet is the directional force. This concept is compared with a magician who pulls the tablecloth and the glasses and plates stay in place. Damage to either two or even three columns may result in a stable spine.
14 Spinal instability can be present in any abnormal angulation or translation and in cases where the bullet traverses the pedicle or the facet. 7, 14, 17 Progressive neurological deficit, cerebrospinal fluid leak and evidence of lead toxicity are also complications in which surgical intervention is strongly recommended. Level of lesion (cervical, thoracic and lumbar), severity of injury, or the presence of intracanal bullet fragments show varying opinions in the literature reviewed. A trend was noted toward surgical management of lumbar or cauda equina injuries and nonsurgical/ observation of complete injuries. 7, 14, 17, 18 CONCLUSION CCS is a common presentation in patients with spinal cord injury, although not commonly seen in patients who suffered GSW to the spine. Some suggested algorithms exist regarding the management of these patients, but still cases should be individualized depending on the specific nature of their presentation. It seems to be in general consensus that steroids are not recommended for these patients and that instability of the spine from pedicle or facet fracture are an absolute indication for surgery. It has been persistent in the literature reviewed that the prognosis for patients with CCS tends to be favorable in regaining sensory, bladder, bowel, gross motor function and ambulation, but fine motor skills may remain impaired.
